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(57) ABSTRACT 
A stereo projection optical system includes an image assimi 
lator and a transmission-type light modulator positioned to 
receive the emergent light of the image assimilator. The 
image assimilator is con?gured for superimposing spatial 
information on the incident light beam and emitting one of a 
?rst polarized light component and a second polarized light 
component. The transmission-type light modulator alternates 
betWeen a dark state and a bright state. The stereo projection 
optical systems provide vieWers three-dimensional images 
formed by tWo alternative polarized lights Whose polariza 
tions are perpendicular relative to each other utilizing the 
transmission-type light modulators. 

17 Claims, 7 Drawing Sheets 
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STEREO PROJECTION OPTICAL SYSTEM 
USING LCD TO SEPARATE LEFT AND 

RIGHT EYE IMAGES 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to a co-pending US. patent 
application Ser. No. 11/947,086, entitled “STEREO PRO 
JECTION OPTICAL SYSTEM”, Which Was ?led on Nov. 
29, 2007 and is assigned to the same assignee as the present 
application. The disclosure of the above-identi?ed applica 
tion is incorporated herein by reference. 

RELATED FIELD 

The present invention relates generally to proj ection opti 
cal systems, and more speci?cally to a stereo projection opti 
cal system. 

BACKGROUND 

Conventional stereoscopic image projectors, as shoWn in 
FIG. 6, generally includes image-proj ecting units 1a, 1b each 
of Which includes lamps 4a and 4b, spherical re?ecting mir 
rors 3a and 3b, focusing lens devices 511 and 5b, LCD (Liquid 
Crystal Display) panels 611 and 6b, and projecting lenses 7a 
and 7b. The units 111 and 1b are individually driven, in order 
to match tWo images and thus produce a stereoscopic image 
on a screen S. Speci?cally, producing a focused image from 
one unit 111 on the screen S to produce a distinct image, and 
then moving the unit 1b vertically and laterally to produce 
another image focused overlapping the image from the unit 
1b on the screen S to create the stereoscopic effect. 

In such a conventional stereoscopic projector, hoWever, 
optical axes La and Lb of the units 111 and 1b are inclined at a 
certain angle With respect to the central axis L of screen S, so 
that left and right images on the screen S are projected in the 
shape of a trapeZoid as shoWn in FIG. 7. Thereby a keystone 
phenomenon occurs With the result that the tWo images are 
not completely matched in the overlapping arrangement, and 
thereby distorted. Consequently, such a conventional proj ec 
tor has a disadvantage of increasing the fatigue of vieWer’s 
eyes. In addition, there is a disadvantage that matching 
images on the screen S becomes troublesome and inconve 
nient, because tWo image projecting units 111 and 1b are 
individually driven and adjusted. 

It is desired to provide a stereo projection optical system 
Which can overcome the above-described de?ciencies. 

SUMMARY 

In according With a present embodiment, a stereo projec 
tion optical system includes an image assimilator and a trans 
mission-type light modulator positioned to receive the emer 
gent light of the image assimilator. The image assimilator is 
con?gured for superimposing spatial information on the inci 
dent light beam Which comprises a ?rst polariZed light com 
ponent and a second polariZed light component Which is 
substantially orthogonal to the ?rst polariZed light compo 
nent, and emitting one of a ?rst polariZed light component and 
a second polariZed light component having spatial informa 
tion. The transmission-type light modulator sWitchably oper 
ates betWeen a dark state and a bright state. When the trans 
mission-type light modulator is in the dark state, it directly 
transmits the ?rst light component. When the transmission 
type light modulator is in the bright state, it converts the ?rst 
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2 
polariZed light component into the second polariZed light 
component and emits the second polarized light component. 

Other novel features and advantages Will become more 
apparent from the folloWing detailed description When taken 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in detail hereinafter, by 
Way of example and description of preferred and exemplary 
embodiments thereof and With reference to the accompany 
ing draWings, in Which: 

FIG. 1 is a schematic vieW of a con?guration of a stereo 
projection optical system in accordance With a ?rst embodi 
ment of the present invention, Wherein a transmission-type 
light modulator is in a light state; 

FIG. 2 is a schematic vieW of the stereo projection optical 
system of FIG. 1, Wherein the transmission-type light modu 
lator is in a dark state; 

FIG. 3 is Wave diagram of a pulse signal input into the 
transmission-type light modulator of FIG. 1 and polariZations 
of emergent light beams to form images for left and right eyes; 

FIG. 4 is similar to FIG. 1, but further illustrates an ana 
lyZer disposed in the stereo projection optical system; 

FIG. 5 illustrates a con?guration of a stereo projection 
optical system in accordance With a second embodiment of 
the present invention; 

FIG. 6 illustrates a block diagram of a con?guration of a 
convention stereoscopic projector in accordance With a prior 
art; and 

FIG. 7 is a schematic vieW of images distorted due to the 
keystone phenomenon generated in using a conventional ste 
reoscopic projector of FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A detailed explanation of a stereo projection optical system 
for projection displays according to each of various embodi 
ment of the present invention Will noW be made With refer 
ence to the draWings attached hereto. 

Referring to FIG. 1 and FIG. 2, a stereo projection optical 
system 100 in accordance With a ?rst embodiment of the 
present invention is shoWn. The stereo projection optical sys 
tem 100 includes a light source assembly 11, an image assimi 
lator 12, a transmission-type light modulator 14, and a pro 
jecting lens 15. 

The light source assembly 11 includes a light source 111, a 
color Wheel 112 positioned to receive light of the light source 
111, and a integrator 113 positioned to receive the light 
emerging form the color Wheel 112. The light source 111 can 
be a halogen lamp, a metal halogen lamp, a light emitting 
diode (LED), and the like. In the present embodiment, the 
light source 111 is a halogen lamp. The color Wheel 112 is 
con?gured for splitting the light output from the light source 
1 11 into time-sequenced red, green and blue light beams. The 
color Wheel 112 includes red, green and blue color ?lters, and 
the center of the color Wheel 112 is connected to a motor (not 
shoWn) such that the color Wheel 112 is rotated. The integra 
tor 113 is con?gured for processing the light emitted from the 
color Wheel 112 such that light beams exiting the integrator 
113 have a uniform spatial distribution. 
The image assimilator 12 is positioned to receive a light 

emerging from the light source assembly 11 and includes a 
polariZing beam splitter (PBS) 121 and a re?ection-type spa 
tial light modulator 122 offset from one other along an optical 
path. The PBS 121 is con?gured for splitting the non-polar 
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ized light from the light source assembly 11 into a ?rst polar 
ized light component and a second polarized light component 
Which is substantially orthogonal to the ?rst polarized light 
component. The ?rst polarized light component can be S-po 
larized light or P-polarized light. When the ?rst polarized 
light component is S-polarized light, the second polarized 
light component is P-polarized light. In the present embodi 
ment, the ?rst polarized light component is S-polarized light, 
and the second polarized light component is P-polarized light. 
The ?rst polarized light component is re?ected sideWay by 
the PBS 121 and the second polarized light component passes 
directly through the PBS 121. The PBS 121 can be a Wire grid 
polarizer (WGP) or a polarizing beam splitter prism. In the 
present embodiment, the PBS 121 is a polarizing beam split 
ter prism. 

The re?ection-type spatial light modulator 122 can be a 
liquid crystal on silicon (LCoS) and can be disposed in light 
path of the ?rst polarized light component or the second 
polarized light component from the PBS 121. In the ?rst 
embodiment, the re?ection-type spatial light modulator 122 
is disposed in the light path of the ?rst polarized light com 
ponent and is con?gured for converting the ?rst polarized 
light component in a predetermined manner into the second 
polarized light component and superimposing spatial infor 
mation on the second polarization light component. The 
modi?ed second polarized light component is re?ected by the 
re?ection-type spatial light modulator 121 to the PBS 121 and 
further passes directly through the PBS 121 to the transmis 
sive-type light modulator 14. 
The transmission-type light modulator 14 is positioned to 

received the modi?ed second polarized light component from 
the image assimilator 12 and can be a liquid crystal panel. The 
transmission-type light modulator 14 is controlled to turn on 
and off by pulse signals input into the transmission-type light 
modulator 14. Referring to FIG. 3, the pulse signals input into 
the transmission-type light modulator 14 are shoWn. The 
transmission-type light modulator 14 sWitchably operates 
betWeen a dark state and a bright state under the control of the 
pulse signals and emits the ?rst polarized light component 
and the second polarized light component alternatively to 
produce stereoscopic images for left and right eyes of vieWer, 
as shoWn in FIG. 3. When the transmission-type light modu 
lator 14 is in bright state, as shoWn in FIG. 1, the second 
polarized light component passes directly through the trans 
mission-type light modulator 14 With substantially no change 
in polarization. Otherwise, When the light modulator 14 is in 
dark state, as shoWn in FIG. 2, the second polarized light 
component is converted into the ?rst polarized light compo 
nent and the ?rst polarized light component is emitted from 
the light modulator 14. In this manner, left-eye and right-eye 
images are formed and then projected onto a screen (not 
shoWn) in an alternating manner. When the frequency of 
alternation is su?iciently fast, the left-eye and right-eye 
images may appear to a vieWer as a single stereographic 
image. 

The projecting lens 15 is con?gured for receiving the light 
output of the transmission-type light modulator 14 and mag 
nifying and projecting an image formed the light output on a 
screen (not shoWn). 

It should be understood that the stereo projection optical 
system 100 can also include an analyzer 13 in order to pro 
mote contrast of images projected by the stereo projection 
optical system 100. Referring to FIG. 4, this shoWs an ana 
lyzer 13 incorporated in a stereo projection optical system 
100. The analyzer 13 can be a polarizer, Which is con?gured 
for transmitting light of a predetermined polarization direc 
tion and removing light of other polarization direction 
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4 
depending on the characteristics of the analyzer 13. In the 
present embodiment, the analyzer 13 transmits P-polarized 
light and removes S-polarized light. The analyzer 13 is dis 
posedbetWeen the image assimilator 12 and the transmissive 
type light modulator 14. 

Referring to FIG. 5, a stereo projection optical system 200 
according to a second embodiment of the present invention is 
shoWn. The stereo projection optical system 200 includes a 
light source assembly 21, an image assimilator 22, an ana 
lyzer 23, a transmission-type light modulator 24, and a pro 
jecting lens 25. 

Difference betWeen the ?rst embodiment and the second 
embodiment is that the image assimilator 22 includes a PBS 
221 and transmission-type spatial light modulator 222 offset 
from one other along an optical path. The transmission-type 
spatial light modulator 222 can be a liquid crystal display 
(LCD) and is con?gured for rotating the polarization state of 
incident light beams to the corresponding orthogonal state 
and superimposing spatial information on the incident light 
beams and emits the modi?ed polarized light. Other optical 
elements and light paths in the stereo projection optical sys 
tem 200 are substantially same as that of the ?rst embodi 
ment. 

The stereo projection optical systems provide vieWers 
three-dimensional images formed by tWo alternative polar 
ized lights Whose polarizations are vertical perpendicular to 
each other utilizing the transmission-type light modulators. 
Accordingly, driving or adjustment of the stereo projection 
optical system can be easily and accurately carried out, so that 
the generation of keystoning phenomenon can be avoided, 
thereby providing an advantage of eliminating the fatigue of 
vieWer’s eyes in viewing the three-dimensional images. 

It can be understood that the above-described embodiment 
are intended to illustrate rather than limit the invention. Varia 
tions may be made to the embodiments and methods Without 
departing from the spirit of the invention. Accordingly, it is 
appropriate that the appended claims be construed broadly 
and in a manner consistent With the scope of the invention. 
What is claimed is: 
1. A stereo projection optical system, comprising: 
an image assimilator con?gured for separating an incident 

light into a ?rst polarized light component and a second 
polarized light component Which is substantially 
orthogonal to the ?rst polarized light component and 
Which travels in a path different from that of the ?rst 
polarized light component and superposes spatial infor 
mation on the ?rst polarized light component; and 

a liquid crystal display positioned to receive the ?rst polar 
ized light component carrying the spatial information 
from the image assimilator, the liquid crystal display 
sWitchably operating betWeen a dark state in Which the 
liquid crystal display directly transmits the ?rst light 
component therethrough and a bright state in Which the 
liquid crystal display rotates the polarization direction of 
the ?rst polarized light component into the polarization 
direction of the second polarized light component. 

2. The stereo projection optical system as claimed in claim 
1, Wherein the image assimilator includes a polarizing beam 
splitter and a re?ective spatial light modulator offset from one 
other along an optical path. 

3. The stereo projection optical system as claimed in claim 
1, Wherein the image assimilator includes a polarizing beam 
splitter and a transmission-type spatial light modulator offset 
from one other along an optical path. 

4. The stereo projection optical system as claimed in claim 
1, Wherein the ?rst polarized light component is one of S-po 
larized light and P-polarized light. 
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5. The stereo projection optical system as claimed in claim 
1, further comprising a projection lens positioned to receive 
the light emerging from the liquid crystal display and con?g 
ured for magnifying and projecting an image. 

6. The stereo projection optical system as claimed in claim 
1, further comprising an analyzer disposed betWeen the image 
assimilator and the liquid crystal display. 

7. The stereo projection optical system as claimed in claim 
1, further comprising a light source assembly, the light source 
assembly comprising: 

a light source for emitting light; 
a color Wheel positioned to receive the light of the light 

source and spilt the light of the light source into time 
sequenced red, green, and blue light beams; and 

an integrator positioned to receive the time-sequenced red, 
green, and blue light beams and uniform the time-se 
quenced red, green, and blue light beams as the incident 
light. 

8. The stereo projection system as claimed in claim 1, 
Wherein the second polarization light component is out of a 
light path of the ?rst polarization light component through the 
liquid crystal display. 

9. The stereo projection optical system as claimed in claim 
2, Wherein the polarizing beam splitter is a Wire grid polarizer. 

10. The stereo projection optical system as claimed in 
claim 2, Wherein the polarizing beam splitter is a polarizing 
beam splitter prism. 

11. The stereo projection optical system as claimed in 
claim 2, Wherein the re?ective spatial light modulator is a 
liquid crystal on silicon. 

12. The stereo projection optical system as claimed in 
claim 3, Wherein the polarizing beam splitter is a Wire grid 
polarizer. 

13. The stereo projection optical system as claimed in 
claim 3, Wherein the polarizing beam splitter is a polarizing 
beam splitter prism. 
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14. The stereo projection optical system as claimed in 

claim 3, Wherein the transmission-type spatial light modula 
tor is a liquid crystal display. 

15. The stereo projection optical system as claimed in 
claim 6, Wherein the analyzer is a polarizer. 

16. The stereo projection optical system as claimed in 
claim 15, Wherein the polarizer directly faces the liquid crys 
tal display and is con?gured for removing light of polariza 
tion direction other than that of the ?rst polarized light com 
ponent from incident light of the liquid crystal display. 

17. A stereo projection optical system, comprising: 
a light source assembly con?gured for generating time 

sequenced red, green, and blue light beams; 
an image assimilator positioned to receive the time-se 

quenced red, green, and blue light beams, spit the time 
sequenced red, green, and blue light beams into a ?rst 
polarization light component and a second polarization 
light component Which is substantially orthogonal to the 
?rst polarized light component and Which travels in a 
path different from that of the ?rst polarized light com 
ponent and superposes spatial information on the ?rst 
polarized light component; 

a liquid crystal display positioned to receive the ?rst polar 
ized light component carrying the spatial information 
from the image assimilator, the liquid crystal display 
sWitchably operating betWeen a dark state in Which the 
liquid crystal display directly transmits the ?rst light 
component therethrough and a bright state in Which the 
liquid crystal display rotates the polarization direction of 
the ?rst polarized light component into the polarization 
direction of the second polarized light component; and 

an analyzer placed in front of the liquid crystal display to 
remove light of polarization direction other than that of 
the ?rst polarization light component ensure that the 
second polarization component is out of the liquid crys 
tal display. 


